T HE monkey offers the best anatomical setting for the experimental study of cerebral vascular disease because of the similarity of its circulation to that of man.
In view of the recent implication of the extracranial circulation in contributing to clinical cerebrovascular disease we have been interested in developing a technique of angiographic visualization which would delineate simultaneously the extracranial and intracranial circulations in the hope that it might be used as an investigative tool in studying experimental disease in this species.
Retrograde brachial arteriography similar in technique to that utilized in man a has provided us with an ideal method for studying both the intracranial and extracranial cerebral circulation and their relationship to one another in this species without requiring direct injury to the cervical vessels themselves.
Methods
Rhesus monkeys, ranging in weight from 1.~ to 16.5 kg. were anesthetized with intravenous pentobarbital sodium, ~5 mg. per kg. The right or left arm was shaved and sterilized and the brachial artery was exposed surgically and isolated just above the antecubital space. The artery was cannulated with a suitably sized polyethylene catheter connected to a two-way stopcock.
In general, these animals were anticoagulated with heparin, 3 mg. per kg., just prior to vascular cannulation; however, patency of the lumen of the catheter can be maintained easily in the absence of general heparinization by periodically flushing the system with heparin-saline solution. In the case of the totally heparinized animals, polybrene, 3 rag. per kg., was administered intraReceived for publication October 29, 196~. * Supported by a grant from the National Institute of Neurological Diseases and Blindness, National Institutes of Health--5455M3564.
venously at the conclusion of the study.
A short segment of polyethylene tubing filled with 8-5 cc. of a 85 per cent solution of Hypaque and connected to a large glass syringe containing ~0 cc. of the same solution was in turn directly connected to the two-way stopcock. At a given signal the stopcock was opened and the plunger of the syringe was advanced as rapidly as possible to a predetermined mark on the barrel which represented the desired volume of dye for infusion. This volume ranged from 1-3 cc. per kg. of body weight.
Radiographic equipment consisted of a Sanchez-Perez Universal Automatic Seriograph: 4~ to 50 K.V.P., 30 Mas, ~ mm. focal spot with rotating anode tube. Anteroposterior, lateral and submental-vertex views were obtained. All views were made on Ansco high-speed film using Du Pont par-speed screens with a stationary grid. Six exposures were made for each projection with a 0.7 sec. interval setting of the seriograph used throughout.
For the actual angiographic study the animal's body and head were secured with tapes and sandbags.
Results
Extracranial Circulation. Right retrograde brachial injection resulted in opacification of the arch of the aorta and the origins of the right common carotid and right vertebral arteries (Fig. 1) . The entire cervical course of both these vessels is visualized easily. While almost invariably the left common carotid artery is visualized simultaneously in its entire course including its origin, the left vertebral artery is seen only occasionally when the contrast material is injected via the right brachial artery (Fig. 1) . The complete anatomical course of the left vertebral artery can be outlined easily via a left retrograde brachial arteriogram (Fig. 2) . Thus, by combining a left and a right brachial arterial study the four major extracranial cerebral arteries may be seen throughout their entire anatomical course including their origins 
FIG. ~ (right).
Submental-vertex view during left retrobrachial arteriography. The entire course of the left vertebral artery is shown. Note that only the posterior circulation, including the basilar artery and both posterior cerebral arteries, is opacified. A wire spiral endotraeheal tube has been placed in the eosphagus to offer some support to respiratory passages since its placement in the trachea previously had obscured the basilar artery. from the brachiocephalic artery, left subclavian artery and aortic arch.
Study of the extracranial circulation of the rhesus monkey revealed considerable anatomic variation in the origin of the major cervical vessels, particularly that of the left common carotid. For example: the left common carotid artery may arise "human-like" directly from the aortic arch, it may arise from the brachiocephalic artery (Fig. 1) , or it may arise from a common trunk in direct association with the right common carotid artery. Also, networks of vessels were seen in the distribution of the cervical and external carotid systems (Fig. 3) , suggestive of anastomotic pathways in the event of closure of one or more of the major extracranial arteries supplying the brain in this species. With this method of contrast injection, the origins of the external and internal carotid arteries at the bifurcation of the common carotid artery (Fig. 1) are visualized easily.
Intracranial Circulation. Since the right common carotid, right vertebral and almost invariably the left common carotid arteries are filled from a right retrobrachial injection, one is able to see both the anterior and posterior circulation of the brain simultaneously (Fig. 4) . Thus, the origin and course of the intracranial portion of the internal carotid, middle cerebral, anterior cerebral, posterior communicating, posterior cerebral, basilar and intradural portion of the vertebral arteries are visualized (Figs. 1, ~ and 8) .
In this species the lateral and submentalvertex views have been most valuable in demonstrating the vascular anatomy of the circle of Willis. While the traditional anterior-posterior projection offers some difficulties because of the depth and size of the
